Introduction
Headache is one of the most common diseases in the world. 1 The two most common primary headache subtypes in the world are tension-type headache (TTH) and migraine. 2 In Malaysia, headache is a common presenting complaint to general practitioners and outpatients' clinics. 3 In a previous community study in Malaysia, 1-year prevalence for headache was 26.5% for tension-type headache, and 9.0% for migraine. 3 The primary headaches, especially migraine, can lead to significant disabilities. 2 Untreated or poorly managed headaches result in reduction of work productivity and economic consequences. 4 An assessment of the trigger factors of headache will be beneficial and important in the management of headache. 5 Moreover, the headaches Dietary factors, alcohol and missing meals are the more common trigger factors of migraine and TTH. 7, 8 The percentages of some of the dietary factors provoking TTH and migraine headaches can be different. 8 The role of dietary factors in precipitating migraine episodes is of increasing interest. 9, 10 This is because the clinical expression of migraine is significantly impacted by dietary issues. 11 The classical dietary trigger factors of migraine are known to be chocolate, cheese and coffee. 7, 8, [12] [13] [14] [15] [16] When the offending foods are avoided, the headache improves. 17 Malaysia is a developing country in South East Asia. This country is near the equator and has tropical climate. Malaysia consists of three major ethnic groups (Malays, Chinese and Indians) with various unique cultures. This multi-ethnic population can be considered to be representative of the Asian population. Moreover, the literature on the dietary trigger factors among the South East Asians, and especially Malays, is scarce. It is important to know the triggers among the Malays because they can avoid these foods and thus this will improve the frequency of headaches.
We hypothesized that the Malay patients had different dietary triggers compared to the Chinese and Indians. We also hypothesized that a disease model and an illness model could possible explain the differences in dietary triggers between the three ethnic groups.
The objective of the study was to examine the dietary trigger factors of migraine and TTH in the Malaysian patients, consisting of Malays, Chinese and Indians.
Methodology

Patient selection
The study was a prospective cross-sectional study conducted at the University Malaya Medical Centre, Kuala Lumpur, Malaysia. The period of study was between April 2010 and June 2017. Consecutive patients, aged at least 18 years old were recruited from the neurology outpatient clinic. The patients who were referred to the neurology clinic for TTH and migraine were included in the study. They presented with headache at least once monthly for at least 3 months.
The patients with trigeminal neuralgia, glossopharyngeal neuralgia, cluster headache, headache secondary to intracranial mass lesions and other secondary headaches, were excluded. Informed written consent was obtained from all the study participants or their legally acceptable representatives.
Ethics approval and consent to participate was obtained, and the study was approved, by the institutional ethics committee of University Malaya Medical Centre.
Study design and data collection
A structured headache questionnaire was used for the study. The classification of the headache subtypes of the first group of patients recruited between 2010 and 2013 before the publication of International Headache Criteria III (ICHD-III) beta criteria, was made according to the ICHD-II classification. 18 We subsequently re-evaluated the headache subtype classification based on the ICHD-III beta criteria, to ensure that the ICHD-III beta criteria were fulfilled. 19 The second group of patients were recruited after the ICHD-III beta criteria were published in 2013, and the classification was based on the ICHD-III beta criteria. 19 The data about the demographic characteristics, such as age, gender and ethnic group, as well as weight and height were recorded. Body mass index (BMI) was calculated based on the weight and height. The data on the headache characteristics included frequency, site, character and intensity were also collected.
The patients were given a comprehensive dietary check list in the neurology clinic. In the dietary check list, the patients were asked to identify the dietary triggers. The patients were informed to circle either "yes" or "no" in the dietary list. If any of the food or drink item triggered headache, the patient would circle "yes." If the food or drink item did not trigger headache, the patient would circle "no." Each suspected dietary trigger resulted in migraine or TTH episode. Each migraine or TTH episode was preceded by the dietary trigger.
The dietary list included: chocolate, coffee, cheese, food rich in monosodium glutamate (MSG), mutton, "heaty" food, fatty meal, fried food, durian, tea, soft drinks, spicy food, beef, oranges, instant noodles, onions, pineapples, lime, eggs, tomatoes, nuts, banana, sugarcane, mango and alcohol (25 various types of food and drink items), as well as "other types of food and drink items." We have taken into account and included the typical Malaysian multi-racial diet. The patients recorded the food they ate which triggered headache, in the list of dietary items. We also collected the data on missing meals.
Case definitions
The diagnosis of various subtypes of headache was based on the International Headache Society (IHS) Criteria (ICHD-III). 19 The subtypes of headache were: migraine 
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Dietary trigger factors of migraine and tension-type headache with aura, migraine without aura, infrequent episodic TTH, frequent episodic TTH and chronic TTH. Chronic daily headache was defined as a headache frequency ≥ 15 days in 1 month, with duration of > 4 hours in 1 day. 20 "Heaty" food is based on ancient Chinese concepts and indigenous culture. 20 "Heaty" food is commonly used as a form of expressing symptoms often associated with emotional or physical reactions such as irritability, short temper, fever, flushing of face, dark yellow urine, nose bleed, acne eruption, rashes, mouth ulcers and indigestion. 20 "Heaty" food includes pepper, ginger, soybean oil, coriander (Chinese parsley), dates, dill seed, and garlic. 20 
Statistical analysis
All descriptive statistics were done using Statistical Package for Social Sciences, SPSS (Version 21.0, SPSS Inc., Chicago, IL, USA). For categorical data, Chi-square test or Fisher's test were used. Continuous variables were expressed as means and analyzed with Student's t-test. Binary logistic regression analysis was performed to compare the various dietary triggers with migraine and TTH. A p value of < 0.05 was taken as statistically significant.
Results
A total of 715 patients met the inclusion criteria of migraine and TTH. However, 21 patients were excluded due to incomplete dietary data. Therefore, we recruited and evaluated the dietary triggers of 684 patients with migraine and TTH.
Basic demography characteristics Table 1 shows the demographic characteristics of the study population.
Types of headache according to ICHD-III classification
A total of 319 (46.6%) patients had migraine, whereas 365 (53.4%) patients had TTH. The most common subtype of headache was frequent TTH (212 patients, 31.0%). The other subtypes were migraine without aura (188 patients, 27.5%), migraine with aura (128 patients, 18.7%), chronic TTH (106 patients, 15.5%) and infrequent TTH (50 patients, 7.3%). Some 91 (28.8%) patients had chronic migraine. The univariate analysis showed that missing meals (p<0.0001) and dietary trigger factors (p<0.0001) were significantly more common in the patients with migraine compared to TTH (Table 2) .
Trigger factors for the headache
Dietary trigger factors
There were "yes" responses for the 25 dietary triggers in the check list. No patient circled "yes" for the "other types of food and drink items." The most common dietary trigger factors were coffee (136 patients, 19.9%), followed by chocolate (51 patients, 7.5%) and food rich in MSG (38 patients, 5.6%). Univariate analysis showed that chocolate (p<0.0001), coffee (p=0.001), food rich in MSG (p=0.007), soft drinks (p=0.019), and instant noodles (p=0.022) were significantly more common in the patients with migraine compared to TTH (Table 3) .
Logistic regression showed that chocolate (OR 2.16, 95% CI 1.06-4.41, p=0.035) and coffee (OR 1.73, 95% CI 1.12-2.68, p=0.014) were significantly associated with migraine compared to TTH (Table 4) . Table 5 shows the frequency of missing meals and dietary triggers among the patients with migraine in the different ethnic groups. On univariate analysis, the Malays significantly had more dietary triggers for migraine compared to Indians (p=0.004). Table 6 illustrates the frequency of missing meals and dietary triggers among the patients with TTH in the various ethnic groups. On univariate analysis, the Malays significantly had more dietary triggers for TTH compared to Chinese (p=0.016). The Malays significantly had more dietary triggers for TTH compared to Indians (p=0.011).
Discussion
Our study describes the dietary trigger factors and missing meals among the migraine and TTH patients in the three major ethnic groups in Malaysia. The present study showed that 23.1% of the study patients reported that missing meals triggered their headaches. This percentage was lower than the percentages described in other studies (39-82%). [22] [23] [24] Moreover, missing meals has been reported to precipitate migraine in 39-66% of the adult patients in previous 
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Dietary trigger factors of migraine and tension-type headache studies. 9, 10, 12, 13, 15, 17, 23, [25] [26] [27] [28] In our study, a lower percentage of the patients with migraine reported that missing a meal was a trigger. Furthermore, the proportion of the TTH patients presenting with missing a meal was smaller compared to the migraine patients in our study, in agreement with a previous study. 8 The current study also demonstrated that 37.3% of the headache patients had dietary trigger factors. Dietary trigger factors are common trigger factors reported by patients with primary headache in the world. 8, 25, 29, 30 The present study showed that 44.2% of the patients with migraine reported having dietary trigger, in concordance with previous studies. 9, [13] [14] [15] [16] 22, 26, 29 In previous studies, there were significant differences in dietary triggers demonstrated between migraine and TTH. 31, 32 Briefly, the percentages reported by the headache patients in previous studies varied depending on the patient cohort (2.8-64% in migraine and 0-35% in TTH). 8, 9, 13, 15, 22, 26, 29, 31, 32 Coffee was the most important dietary trigger factor of migraine and TTH in this study, in agreement with previous studies. 6, 12 Our study also demonstrated that coffee was the top precipitating factor in the migraine patients, consistent with other studies. 13, 14, 29 We observed that more of our study migraine patients (25.4%) reported that coffee was the trigger. This was higher than the percentages reported by AndressRothrock et al (14%), Finocchi and Sivori (14%) and Fukui et al (8%). 9, 13, 15 Chocolate was the second most frequently implicated trigger factor among the migraine patients in this study, similar to a previous study. 15 The percentage of 11.6% in these migraine patients was within the range reported in other studies (1.4-45%). 9, 13, 15, 17, 33 In previous studies, 29-36% of the migraine patients reported that alcohol provoked migraine episodes. 16, 17 However, in Malaysia, there is a lower alcohol consumption compared to other parts of the world. 34 Moreover, the Malaysians consume less amount of cheese compared to the other regions in the world. This therefore explains that cheese was a trigger in only 3.8% of the migraine patients, a lower percentage than in previous studies. 13, 15, 17 Ethnicity, culture and lifestyle changes play important roles in determining the triggers. 6, 10, 22, 25 Geographical factors also contribute to the differences in trigger factors. 6, 10, 22, 25 Certain foods such as mutton, spicy food and durians are more popular in South East Asia.
The appropriate and correct dietary counselling can be given by doctors and dietitians. The clinicians can advise a change of food consumption pattern and also consider alternative food choices. For example, the patients can be encouraged not to drink more than one cup of coffee per day. 21 In addition, wine vinegar is an alternative to MSG. 21 The mechanisms for these ethnic differences remain poorly understood. One possible explanation is the influence of culture. However, we postulate that there are more reasons to explain the ethnic variation in dietary triggers besides the impact of culture. Therefore, more studies are needed in the future to examine the mechanisms and theories for ethnic variation in dietary factors.
In order to understand the differences of dietary triggers in the Malays, Chinese and Indians, the illness model and disease model may be applied. The relationship between diet and migraine is a composite function of changes in illness, disease and inflammation. 11 The illness model examines the impact of food, diet and food culture on the biopsychosocial well-being of the migraine patients.
11
The disease model encompasses clearly identifiable clinical and phenotypic characteristics as well as the availability of reliable biomarkers of diseases.
11 Repeated exposures to food and inflammation and/or genetic predisposition trait may be present in these migraine patients. 11 We postulate that we can also apply the two models to further elucidate the influence of culture and psychosocial factors together with genetic predisposition in the Malay, Chinese and Indian patients with regards to dietary triggers.
There is an increasing evidence that inflammation (immunoglobulin G [IgG] , calcitonin gene related peptide, and nitric oxide) plays an important role in migraine. 35, 36 Therefore, assessment of specific IgG to food is an ideal method to detect individually suspected food. 35 This will enable a change of dietary habits so that chronic inflammation and onset of migraine in sensitized patients can be prevented. 35 We therefore propose an individualized approach of the diet to relieve migraine. 13, 35, 37 We also suggest dietary restrictions based on the identification of food allergies by immunoglobulin E (IgE) and IgG antibodies. 13 However, the associated decrease in quality of life needs to be taken into consideration, because strict food avoidance may result in stress, which in turn may eliminate a potentially beneficial effect. 37 Doctors should carefully consider a balance between trigger avoidance and coping based on the individual patient. 37 Generally, we feel that an anti-inflammatory diet as a health-promoting strategy should be proposed to be instituted for the patients.
11,38
Missing a meal is a trigger for which avoidance is the best approach. 8, 12, 37 Moreover, the patients will be encouraged to keep a food diary. 33, 37, 38 The doctors will frequently encourage the headache patients to seek consistency in their lifestyle behaviors and dietary habits. 11 Assessing the content of meals and the setting in which they are eaten will establish consistency, leading to lesser burden of disease in the migraine patients. 11 Furthermore, eating behaviors can be further explored in the Malay, Chinese and Indian patients, because regulated eating habits may have the potential to decrease the occurrence of headache. 24 The rituals associated with food may also play a role in the patient's experience of migraine. 11 In addition to a cultural component, behavioral elements may predispose the patient to make conscious and subconscious choices of food. 11 Future research studies can be conducted to determine whether the Malay patients have different neuroanatomic and neurochemical systems compared to the other ethnic groups. 11 The strength of this study was the contribution of the study findings to the limited literature available on the dietary triggers in South East Asia. Moreover, the sample size was large and comprised of various Asian ethnic groups.
Evaluation of IgG to foods and drinks can be conducted in the Malay patients in the future. This will assist in improving the nutritional habits of the Malays in order to prevent or reduce migraine episodes. Diet restriction based on IgG antibodies may be a beneficial strategy in decreasing the frequency of migraine attacks and can be implemented for drug therapy-resistant patients. 35 There were several limitations in this study. The study was clinic-based, and therefore selection bias could be present. Furthermore, this was a cross-sectional study, and the causeeffect could not be established. The presentation of the dietary triggers in a predetermined list could have introduced bias.
Other limitations were also present. The combination of foods, the latency between ingestion and headache attack, and the exact amount of food ingestion were not evaluated in this study. The exact amount of caffeine could vary among the different types of coffee drink, and according to different plant cultivar, maturation modalities, and roasting procedures.
In addition to the modality of coffee extraction which could modify the content of active principles, the presence of milk or other spices could also do the same to the drink. These concerns were also applicable to the other dietary triggers, such as chocolate. In the chocolate, the percentage of cocoa, presence of milk and/or nuts, fats other than cocoa butter, and the amount of sugars, should also be taken into account. The different commercial choices and traditional recipes could be confounding factors.
In conclusion, we observed that there were differences in certain dietary triggers among the various ethnic groups, in both migraine and TTH groups. More research is needed to improve our understanding of the dietary triggers of migraine and TTH, and optimize patient management. 37 Future studies can be conducted to ascertain inflammationinduced migraine (IgE and IgG) in the Malay, Chinese and Indian patients. Moreover, more research studies can be conducted to determine the genetic traits in the different ethnic groups.
